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ABSTRACT 


The  breakdown  characteristics  of  antennas  under  supersonic  flight 
conditions  at  altitudes  up  to  80  miles  were  investigated.  Three  Nike- 
Cajun  rockets  were  instrumented  and  fired  from  Eglin  Gulf  Test  Range  on 
4  November  1960  and  on  14  and  24  March  1961.  Significant  results  were 
obtained  only  from  the  14  March  firing. 

Details  of  the  instrumentation  are  given,  as  well  as  a  discussion 
of  the  data  obtained.  Data  are  given  on  the  RF  power  required  to 
initiate  and  extinguish  breakdown,  surface  temperatures,  and  pressure 
on  the  surface  of  the  conical  nose.  A  comparison  of  breakdown  data 
with  previously  obtained  laboratory  data  and  with  the  theory  of  break¬ 
down  phenomena  reveals  discrepancies  which  remain  unresolved  due  to  the 
limited  quantity  of  flight  data  available  for  analysis. 
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I  INTRODUCTION 


Telemetry  and  tracking  signals  from  rockets  and  missiles  Save  fre¬ 
quently  been  subjected  to  severe  degradation  caused  by  RF  breakdown  of 
the  vehicle  antenna.  Previous  experimental  studies  to  evaluate  the 
effects  of  this  breakdown  phenomenon  have  mainly  been  conducted  in  the 
laboratory,  in  which  static  pressure  and  room  temperature  conditions  prevailed. 

The  primary  goal  of  the  investigation  reported  herein  was  to  study  the 
breakdown  characteristics  of  antennas  subjected  to  the  dynamic  conditions 
encountered  in  supersonic  flight.  The  information  thus  obtained  would 
•provide  a  means  of  determining  the  ability  of  the  laboratory  vacuum- 
chamber  data  to  predict  the  performance  of  antennas  on  hypersonic  vehicles. 

The  breakdown  of  antennas  at  low  pressure  has  been  studied  in  the 
past  by  various  investigators1'3  and  it  has  been  shown  that  the  primary 
source  of  ionization  is  electron  motion.  The  equation  which  describes 
this  mechanism  is 


— —  =  -  v  ) n  +  V2 (Dn)  +  S  (1) 

dt 

where  n  is  the  electron  density,  v.  is  the  frequency  of  ionization  per 
electron,  is  the  frequency  of  attachment  per  electron,  D  is  the  dif¬ 
fusion  coefficient,  and  S  is  the  rate  of  production  of  electrons  by  an 
external  source.  For  breakdown  to  occur,  the  rate  of  change  of  electron 
density  with  time  (c hi/dt)  must  be  slightly  greater  than  zero.  Under  these 
conditions  the  electron  density  will  increase  exponentially  with  time  at 
a  rate  determined  by  Bn/Bt,  which  is  the  value  of  the  difference  between 
electron  production  and  loss  rates. 

For  the  pulse  breakdown  case  Eq.  (1)  can  be  integrated  over  a  time 
period  of  the  pulse,  r,  to  obtain  the  final  density,  n.  Performing  the 
integration  and  making  the  substitution  that  V2(Z)n)/n  =  -D/A2,  which  is 
obtained  from  steady  state  solutions  of  Eq.  (1). 


* 

References  are  listed  at  the  end  of  the  report. 
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Here  A  has  the  dimensions  of  length  and  is  a  characteristic  diffusion 
length  for  the  particular  geometry  and  conditions  being  considered.  The 
pressure  term  included  in  Eq.  (2)  is  necessary  to  account  for  the  effects 
of  density  changes  on  the  various  rates.4  The  initial  source  term,  S,  is 
eliminated  except  that  it  established  the  initial  value  of  electron 
density  n0. 

vi  in  Eq.  (2)  is  taken  as  the  value  of  electron  production  rate  per 
electron  required  to  produce  breakdown,  while  the  quantities  on  the  right 
side  of  Eq.  (2)  constitute  the  loss  rates  by  attachment,  diffusion  and 
the  additional  increment  of  v .  required  for  breakdown  during  the  pulse 
length  T.  The  value  of  nr  is  assumed  to  be  approximately  equal  to  the 
electron  density  associated  with  the  plasma  frequency,  /  =  9  *  10  n/!, 
where  /  is  the  frequency  of  the  applied  electric  field. 

In  order  to  determine  the  electric  field  required  to  produce  break¬ 
down  the  relationship  between  v  ;  and  Ef  must  be  known.  E(  is  the  effective 
field  which  would  produce  the  same  energy  transfer  to  the  electrons  as  a 
dc  field  and  is  given  by 


(3) 


where  E  is  the  rms  field,  o>  is  the  angular  frequency  of  the  applied  field 
a"d  y  is  the  collision  frequency. 


The  equation  describing  breakdown  under  CW  conditions  is  the  same  as 
Eq.  (2)  with  the  exception  that,  for  CW,  t  -  a>  and  (In  nr/na)/pr • -*  0. 

Thus  Eq.  (2)  becomes 
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The  principal  means  by  which  antenna  breakdown  is  changed  by  the 
dynamic  conditions  of  supersonic  flight  below  about  M  =  6 >  which  is  the 
speed  regime  of  interest  here,  is  through  the  modification  of  the  gas 
density  and  temperature  adjacent  to  the  antenna  due  to  aerodynamic 
effects.  Examination  of  the  equations  describing  pulse  and  CW  breakdown 
indicate  the  dependence  of  the  electron  production  rate,  v.,  as  well  as 
all  the  loss  mechanisms  (attachment,  diffusion,  and  time-dependent  term) 
on  density.  The  relation  between  E c  and  £rms,  Eq.  (3),  which  is  dependent 
on  the  collision  frequency,  and  thus  density  and  temperature,  is  also 
modified  by  flight  conditions  and  must  be  considered. 

In  mi-sile  systems  where  very  high  velocities  are  encountered, 

M  >  10,  ionization  due  to  aerodynamic  heating  and  velocity  effects  may 
become  sufficient  to  further  modify  the  required  breakdown  field. 

Since  breakdown  results  are  somewhat  different  for  pulsed  and  CW 
radiations,  tests  were  performed  for  each  of  these  conditions.  After 
power  output,  size  and  weight,  and  complexity  of  available  equipment 
were  considered,  it  was  decided  to  perform  the  pulse  experiment  in  the 
X-  band  frequency  range  and  the  CW  experiment  in  the  V1IF  range.  Labora¬ 
tory  tests  and  theory  indicate  that  for  a  given  frequency,  antenna  con¬ 
figuration,  and  maximum  power,  breakdown  can  be  expected  to  take  place 
over  a  certain  range  of  gas  densities.  In  the  atmosphere  the  air  density 
is  a  function  of  altitude.  Figure  1  shows  the  approximate  altitude 
regions  at  which  breakdown  would  be  expected  for  VHF  and  A'-band  narrow 
slot  antennas  where  the  power  available  is  30  watts  CW  and  7.0  kw  peak, 
respectively.  Also  shown  are  velocity  and  altitude  characteristics  of 
a  typical  Nike - Caj un  research  rocket  with  an  80-lb  payload.  It  can  be 
seen  that  this  rocket  has  the  altitude  capabilities  required,  as  well  as 
supersonic  speed  capability  throughout  the  breakdown  altitude  regions, 
because  of  these  essential  characteristics  and  because  of  its  relative 
cheapness  and  ease  of  firing,  the  Nike-Cajun  rocket  combination  was 
chosen  as  the  vehicle  for  the  test  instrumentation. 

A  second  goal,  which  was  introduced  later  in  the  program,  was  to 
investigate  the  buildup  of  charge  on  the  surface  of  the  rocket  during  flight 
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Finally,  a  third  goal  was  to  investigate  the  effects  of  the  ionosphere 
on  very- low- freauency  (VLF)  signals.  This  investigation  was  part  of 
another  contract*  which  was  sponsored  by  U.S.  Navy,  Bureau  of  Naval 
Weapons  Special  Projects  Office  and  conducted  by  SB I  personnel  on  a 
non-interference  basrs.  The  results  of  that  investigation  have  been 
reported  separately.5 


Contract  NCW- 60- 0 4 0 5 ( FBM ) 
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II  INSTRUMENTATION 


A.  GENERAL 

Three  rocket  instrumentation  packages  assembled  by  SRI  were  fired6 
from  Eglin  Gulf  Test  Range,  Eglin  Air  Force  Base,  Florida,  in  November 
of  1960  and  March  of  1961.  The  instrumentation  consisted  of  an  A"-band 
transmitter  and  antenna;  a  VHF  transmitter  and  antenna;  2^-band  and 
VHF  detectors;  a  telemetry  system;  common  power  supply;  and  pressure 
and  temperature  sensors.  In  addition  to  these  equipments  there  were  a 
VLF  receiver,  magnetometer  and  a  field  strength  meter  which  were  used 
to  carry  out  the  VLF-propagation  and  miss i le - charging  experiments 
mentioned  in  Sec.  II.  The  VHF  and  X-band  transmitters  and  the  common 
power  supply  were  built  on  a  sub-contract  with  Granger  Associates.  The 
remainder  of  the  equipment  was  either  built  or  purchased  and  installed 
by  the  Institute.  Standard  systems  and  components  were  used  wherever 
possible  to  reduce  cost  and  complexity. 

Figure  2  shows  the  basic  arrangement  of  antennas  and  temperature 
and  pressure  sensors.  Figure  3  shows  the  space  allocations  for  all 
major  equipments.  Figure  4  is  a  photograph  of  one  of  the  completed 
packages  with  cover  removed.  Figure  5  shows  the  nose  ;cone  section. 

The  design  goal  for  total  weight  was  approximately  60  lbs.  However, 
the  addition  of  two  experiments  raised  the  final  total  weight  of  the 
equipment  package  to  80  lbs. 

Several  methods  of  data  collection  were  employed.  The  RF  pulses 
radiated  by  the  2T-band  antenna  were  detected  by  ground  receiving  equip¬ 
ment,  and  the  resulting  video  outputs  were  displayed  on  an  oscilloscope 
screen  and  photographed.  The  CW  signals  radiated  by  the  VHF  antenna 
were  detected  by  ground  receiving  equipment  which  recorded  the  AGC 
voltage.  The  rocket  velocity,  acceleration,  and  position  data  were 
obtained  from  tracking  radars  and  Contraves  phototheodolites.  A  beacon 
was  carried  on  each  flight  to  assure  good  tracking  by  the  radars.  The 
remainder  of  the  data  were  telemetered  and  recorded  using  standard 
FM/FM  tel  emetry  equipment. 
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COMMON  POWER  SUPPLY 


FIG.  4 


COMPLETED  INSTRUMENTATION  PACKAGE  WITH  COVER  REMOVED 


FIG.  5  NOSECONE  SECTION 


» .. 

B.  ANTENNA  BREAKDOWN 
1-  VHF 

The  VHF  system  consisted  of  a  CW  transmitter,  detectors,  a  narrow- 
slot  test  antenna,  a  short-stub  sampling  antenna  (for  sampling  power 
transmitted  by  the  test  antenna ) ,  and  a  dual  coaxial- line  coupler  (see 
Fig.  6). 

.  it 

The  transmitter  consisted  of  a  driver  and  two  power  amplifiers  and 
was  amplitude -modal  ar.ed  approximately  linearly  so  that  the  power  output 
varied  from  a  maximum  of  30  watts  (nominal)  to  a  minimum  of  1  watt 
(nominal).  This  was  done  to  initiate  and  extinguish  the  antenna  break¬ 
down  repeatedly  throughout  the  flight.  It  is  known  that  when  breakdown" 
occurs  the  amounts  of  power  reflected  and  transmitted  change  suddenly, 
and  the  resulting  step  in  the  observed,  modulation  envelopes  can  be  used 
to  indicate  the  point  in  t.he  modulation  cycle  at  which'  the  breakdown 
occurs.  This,  together  with  a  knowledge  of  the  slope  of  the  power  modu¬ 
lation  envelope,  enables  an  accurate  determination  of  the  power  level  at 
which  breakdown  is  initiated.1’  The  e-xtinguish  level,  can  be  determined  in 
the.  same  manner.  This  technique  was  used  in  this  study.  A  one-cyc.le- 
per-seconrl  modulation  rate  was  chosen  because  it  was  rapid  enough  to 
complete  one  cycle  of  the  power  swing  with  a  relatively  small  change  in 
vehicle  altitude  and  yet.  slow  enough  to  permit  adequate  telemetry  sampling 
of  the  modulation  wave. 

The  detectors  were  d-c  self  compensating  Wheatstone  bridges  with 
resistance  arms  (see  Fig,.  7a).  Two  arms  were  fixed  precision  resistors; 
the  active,  or  "unknown”  arm  was  an  N-610B  bolometer  which  was  also 
coupled  to  the  RF  circuit;  the  fourth  arm  was  a  N-610B  bolometer  which 
was  not  coupled  to  the  RF  circuit.  This  latter  bolometer  was  used  to 
compensate  for  unbalances  resulting  from  temperature  changes  in  the  t 

active  bolometer.  Potentiometer  R7  was  Used  to  make  the  slope  of  the 
resistance-temperature  curve  of  the  compensating  bolometer  equal  to  that 
of  the  active  bolometer;  The  RF  circuit  was  coupled  to  the  active  bolonw 
eter  through  a  high-pass  filter  with  cutoff  slightly  above  234  Me  to 
prevent  coupling  of  the  telemetry  signals  to  the  bridge  detector.  The 
isolation  achieved  between  the  VHF  frequency  of  259.7  Me  and  the  telemetry 
frequency  of  234  Me  was  greater  than  20  db.  Potentiometer  R8  was  used 
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FIG.  7  SCHEMATIC  DIAGRAM  OF  BOLOMETER  BRIDGE  CIRCUIT 

to  set  the  initial  bridge  balance,  and  Rll  was  used  to  adjust  the  output 
level.  Typical  over-all  sensitivity  was  2.0  mv  output  per  mw  of  average 
RF  power  input  (see  Fig.  8). 

•-  .. .  -  .,  .-  •’ 

Three  such  detectors  wore  employed  Vo  measure  the  amounts  of  power 

incident  on,  reflected  from,  and  transmitted  by  the  slot  test  antenna. 
These  bridges  were  potted  and  mounted  adjacent  to  each  other  on  a 
common  base  which  was  removable  from  the  rocket  for  tuning  and  for 
battery  replacement  (see  Fig.  9).  A  coaxial  dual  coupler  was  located 
between  the  transmitter  and  antenna  to  permit  sampling,  the  incident  and 
reflected  power.  This  coupler  had  a,  coupling  factor  of  30  db  and  a. 
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FIG.  9  COMPLETED  VHF  DETECTOR  ASSEMBLY  WITH  COVER  REMOVED 


directivity  of  30  db_,  A,  stub  antenna  was  used  as  a  probe  for  sampling 
the  transmitted  power  (see  Fig.  2).  Decoupling  between  the  stub  and  the 
test  antenna  was  found  to  be  about  40  db ;  therefore  no  further  decoupling 
was  required  and  the  sampling  stub  was  connected  directly  to  the  input  of 
one  of  the  bridge  detectors. 

The  test  antenna  was  a  cav i ty- back ed  narrow  s'lot.  antenna,  with  the 
rocket  skin  acting  as  the  ground  plane  (see  Fig.  10).  The  Vs-inch 
aperture  was  narrow  enough  to  break  down  in  the  altitude  region  of 
120,000  to  240,000  ft.  The  use  of  a  conventional  straight-section  backin 
cavity  was  not  possible  due  to  the  small  rocket  diameter  in  terms  of  the 
wavelength.  Instead,  a  wrap-around  type  of  cavity  was  used,  as  shown  in 
Fig.  10.  This  was  equivalent  to  a  waveguide  feed  with  a- very  small  6 
dimension  (%-inch)  and  low  characteristic  impedance.  In  addition,  the 
a  dimension  ( 18- inches),  was  too  small  to  permit  propagation,  if  air  were 
used  as  the  dielectric.  A  dielectric  material  with  a  dielectric  constant 
greater  than  2  was  required.  Originally  a  material  with  a  dielectric 
constant  of2.5  and  a  loss  tangent  of  0.0T3  was  used.  This  consisted  of  a 
resin  i'n  honeycomb  form,  which  provided  great  mechanical  strength.  The 
resulting  antenna  was  carefully  tuned  at  the  operating  frequency  of 
259.7  Me  hy  adjusting  the  location  and  size  of  the  feed  probe.  The 
maximum  YSWR  after  tuning  was  1.5  over  the  band  from  259  Me  to  261  Me'. 
However,  the  insertion  loss  was  measured  and  found  to  be  greater  than. 


FIG.  10  VHF  ANTENNA  DETAILS 


FIG.  11  VHF  ANTENNA  BREAKDOWN  RESULTS  -  LABORATORY  TEST 

7  db,  which  is  considered  excessive  in  view  of  the  fact  that  most  of  the 
power  delivered  by  the  transmitter  is  required  to  assure  a  high  enough 
field  at  the  slot  to  cause  breakdown.  A  second  prototype  was  constructed 
with  liexolite  as  the  dielectric.  'ibis  material  has  a  dielectric  constant 
of  2. 8  and  a  loss  tangent  of  0.0006.  After  being  matched  to  the  same 
specifications  as  before,  this  antenna  was  found  to  have,  an  insertion 

loss  of  only  4  db.  Breakdown  tests  were  performed  on  the  f 1 i gh t- mode  1 

II 

antennas  in  the  laboratory  vacuum  chamber.  The  results  of  the  test  on 
the  antenna  used  in  the  14  March  firing  are  given  in  Fig.  11. 

2,  J-Band 

The  X -band  system,  which  was  similar  to  the  VHF  system,  is  shown  in 
Fig.  12.  The  basic  (li  f Terences  were  the  use  of  pulsed,  rather  than  C\V  energy 
and  the  use  of  waveguide  transmission  line  instead  of  coaxial  cables. 

A  pulsed  magnetron  with  a  frequency  of  9., 657  Me  and  a  maximum  peak 
output  of  7  kw  was  used  as  the  power  source.  The  pulsed  output  power 


17 


FIG.  12  BLOCK  DIAGRAM  OF  X-BAND  TRANSMITTER 


of  this  transmitter  was  slowly  varied  by  applying  1-cps  modulation 
voltage  to  a  ferrite  modulator  in  the  RF  line.  The  peak  power  output 
thus  increased  and  decreased  approximately  linearly,  with  a  maximum  of 
7  kw  lind  a  minimum  of  700  watts. 

The.  detectors  were  basically  the  same  as  the  VHF  detectors  described, 
except  that  the  waveguide  itself  was  used  as  the  input  high-pass  filter 
and  a  low-puss  output  filter  war.  added  to  obtain  a  slowly-varying  output 
from  the  video  pulses.  Also,  a  l-//f  capacitor  was  connected  across  the 
compensating  bolometer  to  bypass  the  video  pulses  which  feed  back  through' 
the  battery  (see  Fig.  7b).  Typical  over-all  sensitivity  was  ,3.5  mw  out¬ 
put  per  mw  of  average  RF  power  input  (see  Fig.  8). 

Three  bridge  detectors  were  employed  in  the  Al-band  system  to  measure 
incident,  reflected,  and  transmitted  power.  Two  of  these  detectors  were 
integral  parts  of  a  waveguide  dual  coupler  inserted  between  the  trans¬ 
mitter  and  antenna  to  sample  the  incident  and  reflected  power  (see  Fig.  13) 
These  couplers  had  a  coupling  factor  of  37  db  and  a  directivity  of  37  db. 
With  7  kw  peak  power  input,  a  pulse  width  of  1  //sec ,  and  a  PRF  of  414  ops, 
the  average  ltF  power  appearing  at  the  active  bolometer  in  the  detector 
was  approximately  0.5  mw.  A  short  probe  was  used  to  sample  the  trans¬ 
mitted  power  (soc  Fig.  2).  This  probe  was  coupled  to  the  remaining 
detector  by  a  short  section  of  \  band  guide  which  also  served  as  a  high- 
pass  filter  to  prevent  stray  coupling  of  the  o- band  beacon  signals  to 
the  detector.  The  three  detectors  were  assembled  together,  as  shown  in 
Fig.  13. 

The  test  antenna  was  an  open-end  waveguide  with  the  nose  cone  acting 
as  the  ground  plane  (see  Fig.  14).  The  F-pIane  dimension  of  the  waveguide 
was  reduced  from  0.4  to  0.1  inch,  to  create  a  narrow  slot  that  would  break 
down  at  7  kw  in  the  altitude  range  of  50,000  to  180,000  ft  (Fig.  1).  This 
reduction  was  accomplished  in  a  combined  transition  section  and  plane 
bend  made  of  stainless  steel  and  terminated  in  a  special  flange  containing 
a  quart/  window  at  the  point  of  attachment  to  the  side  of  the  nosecorie. 

This  assembly  was  carefully  tuned  by  means  of  tuning  screws  which  were  then 
locked  in  place  to  preserve  the  matched  condition. 

Breakdown  tests  were  performed  on  the  flight-model  antennas  in  the 
laboratory  vacuum  chamber.  Results  of  the  tests  oil  the  antenna  used  in 
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FIG.  13  COMPLETED  X-BAND  DETECTOR  AND  COUPLER  ASSEMBLY 


the  14  March  firing  are  given  in  Figs.  15  and  16.  Figure  15  shows  the 
poak-potoer  levels  required  to  initiate  and  extinguish  breakdown  an  a 
function  of  pressure.  Waveforms  of  the  reflected  and  transmitted  pulses 
were  obtained  for  several  combinations  of  peak  power  arid  pressure  by 
photographing  oscilloscope  traces  of  the.  video  output.  A  sampling  of 
these  is  presented  in  Fig.  16  with  the  corresponding  points  on  the 
brei'-down  power  curve  indicated  in  Fig.  15.  In  all  cases  the  pulse  height 
was  adjusted  by  means  of  attenuators  to  the  same  level  for  convenience  in 
reading.  Actual  levels,  in  db  relative  to  an  arbitrary  zero,  are  noted 
beside  each  pulse  photograph.  Figure  16(a)  presents  incident,  reflected 
and  transmitted  pulse  waveforms  at  various  pressures  at  a  peak  incident 
power  l$vel  of  9,4  kw.  Figure  16(b)  and  16(c)  arc  for  peak  incident  ’ 
power  levels  of  5.9  and  1.5  kw,  respectively. 

When  a  step- function  voltage  is,  applied  which  is  within  the  region 
above  the  curves  of  Fig.  15  a"  small  but  finite  time  is  required  for  the 
electron  density  to  build  up  enough  to  cause  breakdown.  The  length  of 
time  required  decreases  with  an  increase  of  incident  power  at  a  constant 
pressure.2  '  Also,  at  a  constant  input  power  the  length  of  time  required 


21 


PRESSUR 


FIG.  15  X-BAND  ANTENNA 
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FIG.  16  PULSE  WAVEFORMS  DURING  BREAKDOWN  OF  X-BAND  ANTENNA 
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FIG.  16  (Concluded)  PULSE  WAVEFORMS  DURING  BREAKDOWN  OF  X-BAND  ANTENNA 


decreases  with  a  decrease  in  pressure  to  approximately  tile  pressure  for 
minimum  breakdown  power.  As  the  pressure  is  further  reduced  the  time 
required  increases  again.  The  sequence  of  pulse  shapes  in  Fig.  16  shows 
the  widening  and  narrowing  of  the  reflected  and  transmitted  pulses  as  ■ 
the  pressure  is  varied, 

C.  TELEMETRY  SYSTEM 

The  telemetry  system  was  a  standard  FM'FM  system  with  five  sub.- 
carriers.  Two  of  the  subcarrier  channels  were  commutated;  the  remaining 
three  were  uncommutated'y  or  continuous  channels.  A  summary  of  the 
characteristics  is  given  in  Table  I.  Channel  A  was  used  to  monitor  the 

Table  T 

TELEMETRY  SYSTEM  CHARACTERISTICS 

frequency  234  M'c 
•  RF  [lower  output,.— 2  watts 

.  Spbcarrier  channels  :  •  ,  ' 

(a)  22.0  he  ±  71S— 0-1  volt  input,  uncommutated 

(b)  30.0  kc  .t  I'/ff,—  0-1  volt  input,  nncommutated 

(c)  40.0  he  ±  7h%—  0-1  volt  input,  uncommiitated 

(d)  32, 5  he  ±  7h% - 0.2  to  +0.8  volt  input,  commutated 

(e)  70.0  kc  *  7‘/%—  -0.2  to  +0.8  volt  input,  commutated 

output  of  the  pressure  gauge;  Channels  B  and  C  were  used  to  monitor  the 
VI., F  receiver  data  and  Channels  1J  and  E  were  used  to  monitor  several 
data  channels  on  a  time-sharing  basis.  The  schedule  of  data  for 
Channels  D  and  E  was  as  .follows; 


CHANNEL  D 


FUNCTION' 

sampling  rate 

VLF  mgne  tome  ter.  data 

20  a  amp  len.  per  sec 

VLF  antenna  calibration—  Channel  1  data 

20  samples  per  sec 

VLF  antenna  calibration — Channel  2  data 

,20  samples  per  sec 

VLF  receiver  temperature  data 

20  samples  per  sec 

Field  strength  data — Channel  1 

10  samples  per  sec 

Field  strength  data  — Giaunel  2 

30’ samples  per  see 

6. 3- volt  d-c  monitor  data 

20  samples  per  sec 

28- vo.lt  d-c  monitor  data 

20  samples  per  sec 

150“ volt  a-o  monitor  data 

20  samples  per  sec 

J.-cps  modulation  voltage  monitor  data 

20  samples  per  sec 

Thermocouple  reference  monitor  data 

20  samples  per  sec 
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Channel  E 


FUNCTION.  • 

sampling  bate 

J-band  antenna  incident  power  data 
Af-band  antenna  reflected  power  data 

A'- band  antenna  transmitted  power  data 
VHF  antenna  incident  power  data 

VHF  antenna  reflected  power  data 

VHF  antenna  transmitted  power  data 
Surface  temperature  data  (4  channels) 

40  samples  per  sec 
40  samples  per  sec 
40  samples  per  sec 
40  samples  per  sec 
30  samples  per  sec . 
30  samples  per  sec 

10  samples  per  sec 
(each  channel) 

Figure  17  is  a  block  diagram  of  the  telemetry  system.  ■  A  thr.ee- 
section  mechanical  commutator  was  used  to  commjitate  the  52.5-  and  7Q-kc 
channels,  as -shown.  The  amplifier  feeding  the  70-kc  SCO  (subcarrier 
oscillator)  was  used  to  raise  the  voltage  level  of  the  data  channels 
from  the  range  of  0  to  1.6  mv  to  the  input  range  of  0  to  0.8  volt  of  the 
SCO.  A  negative  pedestal  voltage  equal  to  20  percent  of  full-scale  was. 
applied  to. every  other  commutator  segment  in  both  the  52.5-  and  70-kc 
channels  to- permit  synchronization  of  the  automatic  decommutation  systems 
at  the  telemetry  ground  stations.  In  addition,  three  consecutive  com¬ 
mutator  segments  were  connected  to  each  other  and  to  a  positive  full-scale 
voltage  to  provide  a  frame  synchronization  signal  and  a  full-scale  cali¬ 
bration  point  for  each  revolution  of  the  commutator.  Similarly,  zero  and 
half-scale  calibration  points  were  also  employed.  The  outputs  of  the  five 
SCO’s  were  combined  in  a  linear  isolation  network  and  used  to  frequency- 
modu'late  the  transmitter.  Figures  18  and  19  show  the  configuration  of 
the  telemetry  package,  which  was  mounted  on  both  sides  of  an  aluminum 
.mounting  plate  located  between  Stations  33.5  arid  42  5. 

i).  POVVliH  SUPPLY  .  ■  •  ?.  .:  .  ..  .  . 

Figure  20  is  a  block  diagram  of  the,  internal  power  supply  used  to 
power  the  rocket  instrumentation  package.  The  internal  battery  consisted 
of  five  Yardney  PM- 5  cells  and  fifteen  Yardney  1111-  3  cells  connected  'in  . 
series  to  form  a  28-yolt  d-c  supply  with  a  6.3-volt  tap.  The  changeover 
relay  waS  used  to  transfer  the  instrumentation  load  to  an  external 
battery-,  thereby  conserving  internal  battery  power  until  just  prior,  to 
flight. 

Changeover,  as  well  as  other  functions  described  in  the  following 
paragraphs,  was  performed. by  remote  control  from  the  blockhouse.  A  control 
panel  specially  designed  for  this  purpose  by  the  Institute  was  located  in 
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F.'G.  17  BLOCK  DIAGRAM  OF  TELEMETRY  SYSTEM 
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FIG.  19  COMPLETED  TELEMETRY  PACKAGE  -  REAR  VIEW 
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FIG.  20  BLOCK  DIAGRAM  OF  COMMON  POWER  SUPPLY 


the  blockhouse  and  tied  into  a  cable  system  which  terminated  at  a  junction 
box  on  the  launch  rail.  Two  umbilical  cables  were  connected  to  the  rocket 
instrumentation  package  and  to  the  junction  box  on,  the* rail,  completing 
the  remote  control  circuits.  Figure  5  shows  the  receptacles  for  the 
umbilical  cables. 

The  transistorized  inverter  was  triggered'  to  run  at  a  constant  fre¬ 
quency  of  413.57  cps.  This  wa  a  requirement  of  the  ,VLF  instrumentation 
mentioned  in  .Sec.  I.  As  a  part  of  this  investigation,  a  dual  receiver 
operating  at  15.5  and  18.0  kc  was  mounted  in  the  instrumentation  package 
to  record  VLF  signal  strength.  Because  of  the  high  sensitivity  of  the 
receiver  and  the  relatively  low  frequencies  to  be  detected,  it  was 
necessary  to  prevent  harmonics  of  the  power  supply  and  the  A- band  pulse 
networks  from  occurring  at  these  frequencies.  The  413.57'Cps  rate  met 
this  requirement. 

The  power  supplied  to  the  X- band  and  VHF  transmitters  was  controlled 
by.  relays  which  were  energized  by  remo-te  control  from  the  control  panel 
at  blockhouse.  This  was  necessary  to  permit  filaments  to.be  heated  before 
plate  voltages  were  applied. 

The  20-vo.lt,  6,3-  volt,  and  20-volt  bus  voltages,  and  the  1- cps 
modulation  voltage  were  monitored  at  the  same  panel. 

E.  ENVIRONMENTAL.  SENSORS 
1.  Temperature 

Surface  temperatures  were  measured  by  means  of  thermocouple  units 
insta.l  led  at  the  locations  shown  in  Fig.  2.  This  arrangement  permitted 
measuring  the  surface  temperature  of  each  test  antenna,  as  well  as 
obtaining  a  profile  of  temperature  along  the  surface  of  the  instrumenta¬ 
tion  package.  Each  unit  consisted  of  a  Chromel/Alumel  junction  imbedded 
in  a  /i- inch- diameter • threaded  pi ug  which  screwed  into  the  rocket  skin. 

The  plug  material  was  the  same  as  that  of  the  rocket  skin,  with  the 
exception  of  the  plug  located  at  Station  8.  Table  II  summarizes  the 
important  features;  as  shown  the  temperatures  were  measured  very  close 
to  the  surface,  since  the  temperature  of  the  layer  of  air  adjacent  to 
each  test  antenna  was  of  primary  interest. 


Table  II 

THERMOCOUPLE  DATA  . 


STATION 

LOCATION 

■  •  .  .  - 

ROCKET  SK/N  MATERIAL 

PLUG 

MATERIAL 

"  DEPTH  OF 
JUNCTION 
RELOW  SURFACE 

0 

Stainless  steel  303 

S.S.303 

0,002  inch 

8 

Magnesium  alloy  AZ91C-T6 

S.S,  303 

0, 002  inch 

16 

Aluminum  alloy  6061T6 

Al.  6061T6 

0.004  inch 

42.5 

Aluminum  alloy  6061T6 

A1.5061T6 

0. 004  inch 

The  output  voltages  were  sampled  by  the  commutator  as  described  in 
Part  C,  amplified,  and  telemetered  to  the  ground  recording  stations. 
Reference  junctions  wore  located  on  a  terminal  hoard  at  approximately 
Station  16,  where  the  Ch rome  1/A1  uniel  gauge  leads  were  joined  to  copper 
wires  going  to  the  commutator.  An  iron/Constantan  thermocouple  was 
attached  to  the  hoard,  with  its  leads  going  via  the  pull-away  cables  to 
a  32°F  reference  junction  on  the  launch  rail.  The .output  of  this  thermo¬ 
couple,  read  at  the  blockhouse,  provided  a  means  of  determining  the 
temperature  of  the  reference  junctions  of  the  four  surf  ace- temperature 
thermocouples  at  the  time  of  launch.  A  simple  heat- sensitive  resistance 
circuit  was  also  attached  to  the  board  to  measure  any  drift  in  the 
temperature  of  the  reference  junctions  after  launch.  The  output  of  this 
device  whs  sampled  and  telemetered  to  the  ground  stations. 

2.  Pressure 

Surface  pressure  was  measured  at.  Station  8,  which  was  the  location 
of  the  A-brnd  antenna  (Fig.  2).  An  ionization  type  of  gauge  was  used, 
since  this  was  the  only  type  of  gauge  small  enough  to  fit  into  the 

limited  space  available  and  still  be  capable  of  covering  the  pressure 

•  .  * 
range  or  from  200  to  0.5  mm  Hg  in  one  step.  This  range  includes  the 

range  of  pressures  expected  during  breakdown  of  the  A'  band  antenna.  The 

output  of  the  gauge  was  a  series  of  10-volt  pulses,  approximately  100  ytsec 

l<  ..  •  ■  ■ 

wide.  The  pulse  repetition  rate  was  a  function  of  the  pressure,  and 
varied  from  about  250/sec  at  200  mrn  Hg  to  about  1/sec  at  0,5  mm  Hg.  These 
pulses  were  fed  through  a  pulse -widening  network  to  a  separate  silbca.n  rier 
oscillator  and  telemetered  to  the  ground.  Pressure  was  determined  by 
counting  the  number  of  pulses  in  a  given  time  interval. 


The  minimum  pressure  tfhicii  can  be  measured  depends  on  the  rate  of  change  of  preoaure  and  the 
desired  accuracy.  This  is  discussed  in  Sec.  Ill -C-3. 
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F,  VLF  EXPERIMENT 

The  VLF  experiment  consisted  of  flight  measurements  of  the  signal 
strength  of  VLF  transmissions  from  Stations  NSS  and  NBA  (15.5  and  18.0  kc) 
as  a  function  of  altitude.  Because  of  the  extremely  long  wavelength  in 
comparison  with  the  dimensions  of  the  rocket,  it  was  necessary  to  use 
the  rocket  itself  as  a  short  dipole  to  obtain,  the  longest  possible  antenna,. 
This  was  accomplished  by  inserting  a  dielectric  coupling  between  the 
instrumentation  package  and  the  Cajun  rocket,  and  connecting  the  VLF 
receiver  input  terminals  across  the  gap  thus  formed. 

A  duplicate  receiver  was  located  on  the  ground  at  the  telemetry 
station  near  the  launch  site  to  provide  simultaneous  reference  signals 

that  would  allow  later  correction  for  variations  in  transmitted  power 

'  '■> 

Since  the  antenna  impedance  would  be  changed  by  the  presence  of 
..ionospheric  plasma  it  war.  necessary  to  sample  the  antenna  impedance  con-, 
tinuously  and  telemeter  this  data  to  the  ground  to  allow  for  later  cor¬ 
rection  of  the  signal,  strength  data.  Another  modifying  influence  was  the 
directional  pattern  characteristics  of  the  dipole  antenna.  In  order  to 
correct  for  pattern  effects  a  magnetometer  was  included  in  the  airborne 
instrumentation  to  determine  the  approximate  attitude  of  the  rocket 
throughout  the  flight.  These  data  were  also  sampled  and  telemetered  to 
the  ground. 

G.  STATIC  FIELD  MEASUREMENT  1 

Included  in  the  instrumentation  was  a  generating- voltmeter  type  of 
field  meter  that  measured  the  magnitude  of  the  electric  field  existing  at 
a  point  on  the  skin  of  the  rocket  2  inches  aft  of  the  nose  cone.  The 
main  objective  for  the  field-meter  experiment  was  the  investigation  of  the, 
effects  of  the  rocket  engines  in  charging  the  vehicle.  One  of  the  design 
goals,  therefore,  was  that  the  field  meter  amplifiers  be  sufficiently 
rugged  and  free  of  microphonics  to  be  able  to  function  during  periods  of 
burning.  For  this  reason,  transistors  rather  than  tubes  were  used  in.  the 
amplifier.  To  achieve  maximum  dynamic  range  with  minimum  complexity  a 
linear  ampH  tier- detector  circuit  was  chosen.  The  amplifier  used  in  the 
teats  had  a  dynamic  range  of  40  db.  In  order  to  remain  within  the  dynamic 
range  of  the  telemetry  system  without  the  necessity  of  complicated  switching, 
two  telemetry  channels  were  used  simultaneously  to  transmit  field-meter 
information.  Channel  1  was  fed  the  full  output  voltage  from  the  detector, 
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while  Channel , 2  was  fed  one- tenth  the  detector  output  voltage.  Thus,  at 
high  signal  levels  (fields  up  to  roughly  100  kv/meter)  Channel  2  was 
within  its  linear  range  and  Channel  1  was  saturated,  while  at  low  field  - 
levels  Channel  1  was  Within  its  linear' range  and  Channel  2  indicated  zero, 

The  detector  head  mounted  in  the  skin  of  the  vehicle  (Fig.  5)  was  of 
conventional  design.  A  set  of  grounded  vanes  alternately  covered  and  ;■ 
uncovered  a  set  of,  stationary  vanes,  thereby  periodically  exposing  the 
stationary  vanes  to  the  external  electric  field.  The  alternating  current 
generated  in  the.  stationary  vanes  by  -this  periodic  exposure  to  the  electric 
field  was  proportional  to  the  magnitude  of  the  field  This  signal  was  fed 
to  the  input,  of  the  arnp  1  i fier- detector  circuit..  It  should  be  noted  that 
a  simple  system  of  this  sort  does  not  indicate  the  polarity  of  the  field. 
Also,  the  signal  produced  by  the  interruption  of  ion  or  electron  current 
flow  to  the  stationary  vanes  is  indistinguishable  from  the  signal  produced 
by  the  electric  field,  (A  current  density  of  3b  //.a/m2  produces  the  same 
reading  as  a  field  of  1  kv/meter). 

11.  BEACON 

An  S-  band  beacon,  Type  AN/DPN-41,  was  carried  in  each  package  to 
assure  good  radar  tracking  throughout  the  flight,  Space  requirements 
precluded  the  use  of  the  standard  beacon  power  supply.  Instead,  power 
was  obtained  from  the  common  pov/er  supply  and  fed  to  the  beacon  through 
specially  designed  filters  and  shielded  cables  to  prevent  spurious 
triggering  of  the  beacon  by  stray  pickup  on  the  power  leads.  Standard 
quadraloop  beacon  antennas  were  mounted  one  on  each  side  of  thj  equipment, 
package,  as  shown  in  Fig.  2.  The  beacon  transponder  was  mounted  in  the 
forward  section  between  Stations  11  and  20. 

I.  GROUND  INSTRUMENTATION 

.  ,1 

1 .  General  ... 

Figure  21  shows  the  location  of  ground  stations  used  for  the  launchings 
at  Eglin  Gulf  Test  Range,  The  launch  site,  Site  A- 11,  Radar  Station  A-13, 
and  Telemetry  Station  A- 6  are  all  located  within  five  miles  of  each  other 
on  Santa  Rosa  Island,  just  off  the  Florida  coast.  Firings  are  directed 
toward  the  Gulf  of  Mexico  from  the  seaward  side  of  Santa  Rosa  Island.  A 
second  radar  station  and  a  second  telemetry  station  are  located  southeast 
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of  the  launch  site  At  Cape  San  Bias,  a  distance  of  about  100  miles.  The 
facilities  of  both  Santa  Rosa  Island  and  Cape  San  Bias  were  employed  in 
the  three  launchings  to  ensure  continuous  data  in  spite  of  changing 
attitude  of  the  rocket  in  flight.  B 

2,  A-Band 

Receiving  systems  were  employed  at  Sites  A- 13  and  D-3  to  detect  and 
record  the  shapes  of  the  pulses  radiated  by  the  -Y-band  test  antenna 
The  antennas  were  parabolic  dishes  with  a  gain  of  44  db  and  used  fixed, 
circularly  polarized  feeds.  Antenna  positioning  data  for  the  A-band 
antennas  was  obtained  from  the  nearby  S-band  tracking  radars.  The  video 
output  of  each  receiver  was  displayed  on  an  oscilloscope  and  photographed 
continuously  by  a  strip  camera  throughout  the  flight. 
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The  fine  details  of  the, changes  in  pulse-  shape  during  breakdown  were 
of  primary  interest,  Consequently,  because  the  pulse  \yiilths  had  a  maximum 
value  of  1  Msec  and  a  probable  minimum  value  of  0,1  ^sec,  the  IF  and  video 
baindwidths  were  increased  to  20  Me  and  10  Me,  respectively,  to  eliminate 
waveform  distortion  which  would  otherwise  occur  in  passing  through  these 
units...,,  AGC,  with  a  time'1' const, ant  of  a  few  milliseconds,  -was  employed,  to 
keep  the  amplitude  of  the  displayed  pulses  approximately  constant,  so  that 
they  could  be  analyzed  in  detail. .  The  strip .cameras  were  synchronized  to 

photograph  every  tenth  pulse,  which  was  considered  adequate  for  analysis, 

.,  „  •'  '  ■■ 

.  3 .  VHF 

VHF  receivers  were  used  at  Sites  A- 6  and  D-3  to  receive  the  signals 
radiated  by  the  VHF  test  antenna  The  AGC  voltage  was  fed  into  a 
Sanborn  recorder  to  provide  a  record  of  VHF  signal  strength.  The  expected 
fluctuations  in  signal  strength  caused  by  antenna  breakdown  are  relatively 
fast  compared  with  those  caused  by  changing,  antenna  orientation  and 
changing  range,  and  could  therefore  be  distinguished, 

4,  Tf.  I.KMKTHY 

Standard  FM/FM  telemetry  equipment  was  employed  at  Sites  A- 6  and 
D-3  to  receive  and  record  the  telemetered  signals.  Five  subcarrier 
discriminators .were  employed  at  22,  30,.  40,  52,5,  and  70  kc,  all  with 
rfc7  %%  bandpass  filters.  The  output  of  each  discriminator  was  recorded, 
as  well  as  the  composite  of  the  five  channels,  the  receiver  AGC  voltage, 

“ana  the-  data... chit  lined  outputs  of  the  automatic  decommutator  in  the  case 
of  the  52.5  and  the  70 -kc  channels.  Other  data,  which  were  not  tele¬ 
metered  but  recorded  on  telemetry  tape  and  Sanborn  recorders,  consisted 
of  the  VHF  receiver  AGC  voltage,  mentioned  in  Sec A  II-I-3,  and  the  VLF 
ground- receiver  output  voltages  (Site  A  6  only,  see  Sec.  I1-I-5). 

5.  VLF  -  ■ 

A  dual  VLF  receiver  was  located  at  a  point  about  300  feet  from  the 
telemetry  station  at  Site  A-6  t.o  receive  signals  from'NSS  and  NBA  for 
reference  purposes.  The  outputs  of  this  receiver  were  transmitted  through 
50-ohm  coaxial  cable  to  recorders  in  the  telemetry  station  (see  Sec.  11-1-4) 
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6  Tracking  "  •  -  '  V  • 

.S-band  radars  located  at  Sites  A- 6  and  D-3  were  used  to. track  the 
beacbn  in  ..the  rocket.  In  addition,  optical  tracking  data  were  supplied 
for  approximately  the  first  30  seconds  of  flight  by  phototh'eodolites 
located  at  Site  A-6. 

.  -  •  ,  .  I!  .  . 

X.  SHOCK  AND  V IBM AT  ION  TESTING 

Shock  and  vibration  tests  were  performed  on  compl eted . instrumenta¬ 
tion  packages  Nos.  2  and  3  Equipment  employed  in  these  tests  consisted 
of  a  Barry  Model  150  VD 'shock  machine,  which  is  essentially  a  drop¬ 
testing  machine,  and  an  M-B  Model  C- 25  vibration  test  machine.  The 
instrumentation  packages  were  so  mounted  that  the  shock  and  vibration 
forces  were  parallel  to  the  longitudinal  axis.  Since  only  the  actual 
flight  packages  were  available  for  test;,  it  was  not  possible  t.n  test  to 
destruction. 

•  "  ...  *  !l 

Table  III  lists  the  test  conditions  imposed  on  the  two  equipment 
packages.  Electronic  parts  and  hardware  items  that  showed  a  tendency  to 
loosen  were  secured  by  potting  compounds  or  mechanical  locking  devices. 
No  major  damage  resulted  from  these  tests. 


Table  III 

ENVIRONMENTAL  TEST  CONDITIONS 


TEST 

■■ 

•.  DESCIUPTION  OK  TEST 

Package  2 

Package  3 

Shock  1 

8- inch  drop,  25g,  10  ms  duration 

7.25-inch  drop,  25g,  11  ms  duration 

Shock  2 

24-inch  drop,  50g,  11  ms  duration 

24-inch  drop,  50g,  11  ms  duration 

Shock  3 

3-inch  drop,  lOg,  11  ms  duration 

2,5  -inch  drop,  lOg,  11  ms  duration 

Vibration  1„ 

,  20-125  cps,  5g,  1,  minute 

10-30  cps,  lg,  2  minutes 

Vibration  2 

125-500  cps,  5g,  i  minute 

30-70  cps,  0.036-inch  amplitude  2 minutes 

Vibration  3 

100-500  cps,  8g,  1  minute 

70-500  cps,  5g,  2  minutes 

Vibration  4 

... 

100-500  cps,  8g,  2  minutes 

\\ 
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Ill  FLIGHT  TEST  RESULTS  AND  ANALYSIS 


A.  SUMMARY 

The  launch  site  was  Site  A  ll,  Aerospace  Launching  Fac i li ty ,  Eglin  Gulf 
Test  Range,  Santa  Hnsa  Island,  Florida.  The  launchers  were. the  general 
purpose  type,  designed  so  that  both  of  the  Nike  launching  tees  release 
simultaneously  from  the  launcher  after  the  vehicle  has  traveled  200  inches 
along  the  rail.  Umbilical  cables  were  pulled  from  the  payload  at  first 
motion.  Launch  time  is  defined  as  the  time  of  first-stage  ignition,  as 
observed  from  pho to theo do  1 it e  film.  Table  IV  gives  times  of  pertinent 
events  for  the  three  flights.  • 


Tabic  IV 
LAUNCH  DATA 


Mission  Number 

j 

2 

3 

Date 

4  Nov.  i960 

14  March  1961 

24  March  1961 

Launch  Time  (Zulu) 

2052:00. 390. 

2152:00.535 

1917:59,367 

1st  Stage  Separation  (sec) 

- 

3.5 

3.6 

2nd  Stage  Ignition  (sec) 

16.67 

18.265 

19-6 

2nd  Stage  Burnout  (sec) 

21.535 

22.966 

Badar  Tracking  Data  (see) 

54.5  : 

316.0 

none 

Phototbeodol.i te  Data  (sec) 

19,67 

27.3 

23.1 

Elevation  Angle 

- 

86° 

- 

Azimuth  Angle 

■" . 

154° 

- 

Additional  data  on  ground- suppo rt  equipment,  vehicle  tr aj  e'e tori eS , 
wind  velocities,  and  launch  facilities  are  available  from  Ref.  6. 

B.  FIRST  FLIGHT-  ROCKET  AA6.800 

Rocket  AA6. 800  was  launched  from  Eglin  Gulf  Test  Range  on 
4  November  1960.  Radar  and  camera  records  show  that  the  rocket  performed 
us  expected,  A  malfunction  occurred  in  the  instrumentation  ^ower  supply 
causing  all  equipment  to  temporarily  cease  operating  during  the  Nike 
burning  period  and  to  permanently  cease  operating  at  Cajun  ignition  ap¬ 
proximately  16.7  seconds  after  launch. 
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The  If-band  transmitter  was  being  monitored  prior  to  launch  and  was 
functioning.  Immediately  following  launch,  however,  the  X'band  transmitter 
was  reported  to  have  stopped,  and  it  is  presumed  to  have  stayed  off  until 
t  -  3.112  seconds,  when  the  telemetry  returned  and  showed  it  to  be  func¬ 
tioning  again.  It  is  believed  that  the  radar  beacon  also  came  back  on 
when  the  rest  of  the  systems  did,  hecause  the  proper  supply  voltages  to 
•the  beacon  were  indicated  by  the  telemetry  system.  No  report  of  the  beacon 
having  returned  to  operation  was  received;  however,  this  was  probably  due 
to  the  fact  that  the  radar  which  was  interrogating  the  beacon  was  unable 
to  reacquire  the  rocket  after  losing  it  at  launch.  Another  radar  did  skin- 
track  the  Cajun  to  about  200,000  feet  before  it  lost  contact. 

All  available  information  indicates  that  a  malfunction  occurred  in 
the  power  supply  while  accelerating  during  Nike  engine  burning.  The  fault 
was  apparently  cleared  when  the  acceleration  was  removed  at  Nike  burnout, 
and  all  systems  appeared  to  function  properly  again  until  Cajun  ignition 
occurred  at  t  16.7  seconds,  at  which  time  the  malfunction  reappeared  and 
remained.  The  power  supply  is  the  only  point  in  the  system  in  which  a 
malfunction  could  cause  all  systems  to  go  on  and  off  at  the  same  time.  The 
exact  location  of  the  fault  in  the  power  supply  is  impossible'  to  determine. 
However,  it  .is  felt,  that  because  ail  systems  failed  together  it  must  have 
occurred  at  the  input  side  of  the  inverter,  where  the. 28-volt  battery 
voltage  is  chopped  to  produce  the  414-cps  wave  that  supplies  all  the  ac- 
fco-dc  converters,  as  well  as  the  414-cps  loads. 

C.  SECOND'  FLIGHT-  ROCKET  AA6..801 
1.  Rocket  Pkhfohmancf,  Data 

Rocket  AA6. 801  was  launched  from  Eglin  Gulf  Test  Range  on  14  March,  1961. 
Figure  22  shows  -the  complete  rocket  assembly  mounted  on  the  launching  rail 
and  raised  to  the  firing  position.  Radar  camera  records  show  that  the 
rocket  performed  as  expected.  Figure  23  shows  velocity,  acceleration,  and 
altitude  for  this  flight.  No  data  were  obtained  from  the  27-band  experiment 
due  to  a  failure  of  the  transmitter  shortly  after  launch.  Data  were  ob¬ 
tained  from  the  environmental  sensors,  the  VHE  experiment,  the  field  strength 
experiment  and  the  VLF  experiment.  These  are  described  in  the  following 
paragraphs. 
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FIG.  22  NIKE-CAJUN  ROCKET  ON  LAUNCH  RAIL 


FIG.  23  VELOCITY,  ACCELERATION,  AND  ALTITUDE  vs.  TIME  -  ROCKET  AA6.801 


VELOCITY  - f  1  /  sec 


2.  Skin  Temperature 

A  graph  of  the  measured  temperature  data  is  given  in  Fig.  24.  In 
general  the  surface  temperatures  were  well  below  the  design  values,  thereby 
allowing  a  greater  margin  of  safety  than  was  planned.  Note  that  these  are 
external  surface  temperatures,  and  are  probably  appreciably  higher  than 
those  on  the  inside  of  the  rocket  due  to  thermal  time  lag  and  the  rela¬ 
tively  short  flight  time.  Temperature  peaks  occurred  shortly  after  the 

..  II 

velocity  peaks,  as  would  be  expected.  Near  the  peak  of  the  traj  ec.  tory  the 
temperature  profile  was  almost  constant  at  about  200UF.  This  condition 
continued  through  the  peak  and  subsequent  descent  until  denser  air  was  re¬ 
entered  at  about  150,000  feet,  at  which  time  temperatures  again  rose  to 
high  values,  though  not  as  high  as  during  rocket  burning.  The  temperature 
at  the  tip  of  the  nose  cone  during  this  re-entry  reached  a  maximum  of  500°F 
at  an  altitude  of. 40,000  feet  and  a  velocity  of  4200  ft/sec. 


FIG.  2 4  SURFACE  TEMPERATURES  vs.  ALTITUDE.  AND  TIME  -  ROCKET  AA6.801 
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»  3,  Surface  Pressure 

Pressure  data  which  were  obtained  from  the  ionization  gauge  at  the 
X-band  antenna  location  (Station  8)  is  shown  in  Fig.  25,  together  with 
the  calculated  values  of  pressure.  The  ambient  free-stream  pressure,  ob¬ 
tained  from  , the  ARDC  1959  standard  atmospheric  model7  is  also  shown  in. 
Fig.  25.  The  pressure  on  the  nose  cone  due  to  aerodynamic  effects  was 
calculated  from  the  following  equation: 


where 


1  + 


y  -  ratio  of  specific  heats! 

Py  =  pressure  along  the  conical  surface  of  the  nose  cone 
P,  -  ambient,  free-stream  pressure 
Mx  =  free-stream  Mach  number, 


The  ratio  CiP / q  as  a  function  of  the  Mach  number  was  obtained  from 
Taylor  and  Maeooll’s  curves8  for  a  semi-vortex  angle  of  14.5  degrees. 

These  are  valid  as  long  as  the  shock  wave  ,, is  attached  to  the  rocket,  the 
condition  existing  in  the  altitude  region  for  which  P?  is  plotted  in 
Fig,  21. 

The  actual  measured  pressures  agreed  quite  closely  with  the  theoret¬ 
ical  values  for  altitudes  up  to  120,000  feet,  at  which  point  the  measured 
values  became  appreciably  higher  than  the  theoretical  ones:  The  pressure 
range  of  the  gauge  in  flight  has  a  fundamental  limitation  in  that  the 
output  pulse  count  decreases  with  pressure  until  a  point  is  reached  where 
the  measuring  interval  becomes  so  long  that  the  rate  of  change  of  pressure 
must  be  considered..  In  the  Nike-Cajun  flights  this  occurs  at  a  pressure 
of  approximately  0. 5  inm  Hg,  where  the  gauge  output  is  one  pulse  per  second, 
and  the  change  of  pressure  due  to  vehicle  motion  is  approximately  20  percent 
of  the  value  being  measured.  This  level  is  identified  in  Fig.  25  as  the 
minimum  pressure  gauge  reading  for  good  resolution.  This  is  seen  to  be 


See  Appendix  A  for  derivation. 

f  y  “  1.4  for  air  up  to  approximately  300,000  feet  where  the  composition  of  the  air  begins  to  change. 
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considerably  lower  than  the  pressure  at  which  deviation  of  the  theoretical 
and  measured  curves  take  place  Consequently,  the  observed  discrepancies 
abovi*  120,000  feet  are  not  attributed  to  .this  effect. 

Another  possibility  considered  was  that  the  ambierfp  electron  density 
was  high  enough  to  cause  erroneous  indications  in  the  ionization  gauge. 

The  characteristic,  time  constant  of  the  pickup  tube  and  chamber  system 
was  found  to  be  less  than  10  ms,  a  value  low  enough  to  assure  essentially 
equal  pressures  inside  and  outside  due  to  the  relatively  slow  time  rate 
of  pressure  change  on  the  outside.  Therefore,  since  there  is  negligible 
net  gas  flow  through  the  tube  in  which  to  transport  electrons,  a  diffusion 
current  appears  to  be  the  only  manner  of  contributing  electrons  to  the 
densitometer  from  external  sources.  It, was  calculated  that  the  mean  free 
path  is  large  enough  at  270,000  ft  so  that  free  molecular  flow  rather  than 
viscous  flow  exists  in  the  pickup  tube.  At  altitudes  below  180,000  ft, 
the  opposite  is  true.  A  transition  region  exists  in  the  180,000*  to 
"270, 000  -  ft  region.  The  electron  current  due  to  diffusion  has  a  maximum 
value  at  180,000  feet  equal  to: 

electrons  electrons 

I -  =  100  x  n  -  (7) 

sec  *  cc 


where 


n  c  -  ambient  electron  density. 


In  the  free. molecular  flow  region  the  expression  for  maximum  I  is 


electrons 

J  .... - 

sec 


2  x  103  x  n\ 


(8) 


The  current  I  was  calculated  as  a  function  of  altitude,  using  Eqs.  (7)  and 
(8),..  for  the  appropriate  altitude  regions.  The  current  J  in  the  inter¬ 
mediate  region  was  obtained  by  interpolation,  assuming  a  continuous  tran¬ 
sition.  These  currents  were  then  used  to  calculate  an  equivalent  gauge 
output  by  means  of  the  following  equation: 


pulse  rate  =  I  (amperes)  *  (5  x  JO10) 


Calculated  values  of  electron  current  assume  the  worst  case  and  neglect  the  loss  of  electrons  to  the 
walls  n(  the  tube  connecting  the  gouge  to  missile  surface. 
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Equivalent  pressure  readings  were  obtained  from  the  manufacturer's  cali¬ 
bration  sheets,  using  the  calculated  values  of  pulse  rate.  These  equiva¬ 
lent  pressure  readings,  which  are  plotted  in  Fig.  25,  indicate  that 
ambient  electron  densities  did  not  contribute  significantly  to  the, gauge, 
errors  noted  above  120,000  feet,  since  the  graph  shows  no  appreciable 
ambient  effects  occurring  before  250,000  feet.  The  graph  also  shows  that 
the  ambient  effects  which  occur  beyond  240,000  feet  do  not  resemble  the 
observed  errors.  It  is  nevertheless  felt  that  an  electron  current  into 
the  gauge  is  a  likely  cause  of  false  high  readings  at  low  pressures  and 
chat,  while  currents  produced  by  external  ionization  do  not  appear  to  be 
the  only  cause,  they  undoubtedly  contributed  to  the  observed  error.  How¬ 
ever,  the  mechanism  by  which  spurious  electron  current  of  proper  magnitude 
could  have  entered  to  produce  the  observed  errors  remains  unknown. 

The  pressure  at  Station  42.5  (location  of  center  of  VHF  antenna),  was 
not  measured,  since  this  location  is  five  diameters  hack  on  tKe  cylindrical 
portion  of  the  rocket ,• where  ambient  pressure  conditions  exist. 

4.  Power  Supply  Voltages  .  ’■  . 

In- flight,  measurements  of  the  28  volt,  6-volt,  150-volt  and  1-cps 
supplies  show  no  large  deviations.  This  indicates  that  the  ^-band  failure 
at  launch  occurred  within  the  transmitter.  Graphs  of  these  voltages  are  given  in  Fig.  2.6. 


5.  VHF  Antenna  Breakdown  Data 


These  data  were  derived  mainly  from  the  records  of  signal  strength 
obtained  at  the  A-6  aad  L>-3  telemetry  stations.  Figure  27  shows  breakdown 
initiate  and  extinguish  yalues  expressed  in  terms  of  percent  of  maximum 
transmitted  power.  The  data  points  were  obtained  by  examining  the  modula¬ 
tion  waveform  of  received  signal  strength  and  noting  the  exact  times  in 
the  cycle  at  which  breakdown  was  initiated  and  extinguished.  Since  the 
power  variation  was  approximately  linear,  the  ratio  of  initiate  or  extin¬ 
guish  power  to  the  maximum  power  was  readily  determined.  (See  Section  II-B. ) 

It  was  found  that  the  waveform  of  incident  power  as  obtained  from  the 
telemetered  detector  data  was  very  similar  to  the  waveform  of  VHF  signal 
strength.  In  Fig.  28,  these  waveforms  are  compared  for  a  typical  one-second 
interval  at  t  =  45  seconds  from  launch.  The  curve  of  incident  power  has 
a  shape  almost  identical  to  the  curve  of  transmitted  power,  rather  than 
the  shape  expected.  Figure  28(b)  compares  the  incident  and  transmitted 
power  with  respect  to  the  level  at  which  the  characteristic  step  occurs, 
as  a  function  of  altitude.  These  curves  are  also  almost  identical.  This 
suggests  that  the  apparent  breakdown  took  place  in  the  transmission  system 
ahead  of  the  directional  coupler.  However,  it  is  also  possible  that  the 
incident  power  varied  due  to  reflections  from  the  aperture  if  breakdown 
was  taking  place  there.  Slight  differences  were  noted  between  the  data 
for  the  ascending  phase  and  the  data  for  the  descending  phase.  Since  break¬ 
down  is  a  function  of  density,  some  differences  would  be  expected,  as  the 
density  conditions  across  the  gap  are  not  the  same  for  ascending  and  de¬ 
scending.  This  is  attributable  to  the  fact  that  even  though  the  pressure 
conditions  are  approximately  the  same  at  a  given  altitude,  the  temperatures 
at  the  surface  (Fig.  24),  and  hence  in  the  boundary  layer  are  quit>e  dif¬ 
ferent,  resulting  in  a  different  value  of  density. 

The  initiate  levels  are  replotted  in  Fig.  29,  together  with  the  r.e^ 
suits  previously  obtained  in  laboratory  tests.  The  latter  results  indicate 
that  at  altitudes  up  to  about  180,000  feet,  less  power  is  required  to  ini¬ 
tiate  breakdown  as  the  density  is  decreased,  whereas  above  180,000  foe.t 
more  power  is  required  as  the  density  is  decreased. 

In  view  of  this,  and  the  fact  that  the  density  was  higher  in  the  de¬ 
scending  phase  than  in  the  ascending  phase  at  all  altitudes  above  40 , 000  feet , 
one  would  expect  lower  initiate  levels  in  the  descending  phase  above 
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180,000  feet  and  higher  levels  below.  This  was  not  the  case,  however; 

Figs.  27,  28,  and  29  show  that  lower  values  of  initif^e  level  were  re¬ 
quired  in  the  descending  phase  below  180,000  feet. 

A  sore  fundamental  discrepancy  is  obvious  from  Fig.  29.  Whereas 
theory  and  laboratory  experiments  predict  a  breakdown  altitude  region  of 
120-240,000  feet,  with  a  definite  minimum  value  of  initiate  power  at 
180,000  feet,  the  flight  data  show  a  leveling-off  to  a  more  or  less  con¬ 
stant  value  at  all  altitud-es  above  120,000  feet.  The  available  data  in¬ 
dicate  that  the  density  conditions  at  a  given  altitude  or  pressure  were 
only  slightly  different  in  the  flight  condition  from  what  they  were  in 
the  laboratory.  Consequently,  the  large  differences  indicated  in  Fig.  29 
are  not  explained  in  terms  of  known  density  differences. 

The  fact  that  breakdown  occurred  at  lower  altitudes  than  expected 
might  be  attributed  to  breakdown  within  the  VIIF  amplifiers  feeding  the 
antenna.  Two  amplifiers  in  series  composed  the  output  stages  of  each  VHF 
transmitter.  Originally,  RF  breakdown  in  either  amplifier  stage  was  not 
considered  a  possibility  by  the  subcontractor  who  assembled  the  VHF  trans¬ 
mitters.  However,  the  subcontractor  later  informed  the  Institute  that 
the  final  stage  might  be  expected  to  undergo  breakdown  at  some  altitudes. 
Consequently  the  final  amplifier  in  the  second  and  third  flight  packages, 
which  were  then  being  readied  for  flight,  were  carefully  sealed  at  the 
launch  site.  Although  it  was  not  possible  to  check  the  seal  in  a  vacuum 
chamber,  it  is  presumed  that  the  seal  was  complete. 

Test  data  obtained  later  from  the  amplifier  manufacturer  show  that 
at  a  power  level  of  40  watts,  RF  breakdown  has  occurred  in  at  least  two 
unpressurized  amplifiers  at  a  pressure  equivalent  to  20,000  feet  altitude. 
Similarly,  at  power  levels  of  20  watts  and  7.5  watts,  breakdown  has  oc¬ 
curred  in  samples  at  altitudes  of  60,000  and  97,000  feet,  respectively. 
These  data  points  are  shown  in  Fig.  29.  Since  the  first  amplifier  in  each 
flight  package  was  not  sealed  and  since  its  output  at  the  pea-k  of  the 
modulation  cycle  was  7.5  watts,  breakdown  could  have  occurred  in  it,  on 
the  basis  of  the  above  laboratory  data.  However,  the  flight  data  indicate 
that  the  breakdown  level  of  output  power  of  the  final  amplifier  was  ap¬ 
proximately  20  watts  at  97,000  feet,  which  corresponds  to  3.17  watts  out¬ 
put  of  the  first  amplifier.  The  latter  value  is  considerably  lower  than 
that  which  was  obtained  in  the  lab.  Because  of  the  lack  of  complete  data 
it  is  not  certain  that  the  breakdown  actually  took  place  in  the  transmitter 
amp  1 i f i e  r s  . 
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6.  A"-Band  Antenna  Breakdown  Data 

No  A-band  breakdown  data  were  obtained.  Figure  30  shows  the  expected 
results.  The  laboratory  data  of  Fig.  15,  which  were  plotted  as  a  function 
of  pressure,  have  been  replotted  in  Fig.  30  as  a  function  of  altitude, 
with  allowance  for  the  dynamic  conditions  of  temperature  and  pressure 
which  existed  at  the  aperture  of  the  antenna  during  the  flight.  Separate 
curves  are  drawn  for  the  ascending  and  descending  phases,  since  pressure 
and  temperature  conditions  are  somewhat  different  (see  also  Figs.  24  and  25) 


FIG.  30  X-BAND  ANTENNA  BREAKDOWN  -  CALCULATED  FLIGHT  DATA 

7.  VLF  Data5 

The  VLF  receivers  recorded  only  the  signal  strength  of  U.S.  Naval 
Hadio  Station  NBA  because  a  change  in  frequency  of  station  NSS  was  made 
shortly  before  the  last  two  flights.  An  excessive  amount  of  antenna  noise 
was  noted  throughout  the  entire  flight,  and  is  attributed  to  interference 
from  the  5-band  beacon  transmitter. 

Accurate  signal  strength  data  were  derived  from  the  recorded  receiver 
voltages,  except  at  altitudes  above  180,000  feet,  where  the  rocket  tumbled 
or  precessed.  The  details  of  this  motion  are  not  known  because  the 
atti tude- sensing  magnetometer  failed  to  operate  above  135,000  feet.  Con¬ 
sequently,  signal  strength  data  which  was  obtained  for  this  higher  alti¬ 
tude  region  contains  a  possible  error  of  as  much  as  10  db. 
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Antenna  impedance  data  were  obtained  as  a  function  of  altitude.  The 
measured  capacity  of  30.1  picofarads  (pf)  just  prior  to  Nike  separation 
compared  well  with  the  33  pf  previously  obtained  from  model  measurements. 
Similarly  the  capacity  after  separation  was  26.5  pf,  as  compared  with 
25.5  pf  on  model  measurements  Between  9,000  and  210,000  feet  a  noise¬ 
like  variation  of  about  7  pf  ( pe ak- t o- peak )  was  noted.  The  reason  for 
this  is  unknown  but  it  is  believed  to  be  partly  due  to  changes  in  the 
capacity  of  the  dielectric  gap 

Measured  differences  of  about  4  pf  were  observed  between  the  up  and 
down  paths  at  30.000  feet,  with  smaller  differences  at  the  higher  altitude 
These  also  are  attributed  to  slight  changes  in  the  gap  capacity. 

At  altitudes  above  210,000  feet,  as  the  rocket  entered  the  ionosphere 
the  main  trend  was  toward  increasing  capacity  with  increasing  ionization 
with  values  rising  to  ns  high  as  four  times  the  initial  value  near  the 
peak  of  the  trajectory.  Superimposed  on  this  are  cyclic  variations  which 
are  attributed  to  rocket  precession.  The  reason  for  the  main  trend  was 
not  determined 

The  conductance  component  showed  a  rise  and  fall  in  the  45,000  to 
150,000  feet  altitude  region  which  has  been  attributed  to  heating  of  the 
gap  by  heat  conduction  from  the  Cajun  motor,  followed  by  cooling  after 
burnout  A  rise  occurred  on  the  down  path  at  about  60,000  feet,  probably 
as  a  result  of  aerodynamic  heating. 

8  Static  Field  Sthength  Data 

The  field  meter  experiment  was  directed  at  the  investigation  of  pos¬ 
sible  effects  of  rocket  engines  in  producing  static  charges  on  rockets 
and  missiles.  Previous  experience  with  jet  engine  charging  on  aircraft 
indicated  that  the  rocket  engines  should  be  expected  to  charge  the  vehicle 
to  potentials  of  several  thousand  volts.  Conductivity  data  indicated  that 
this  charge  should  leak  away  rapidly  after  burnout,  so  that  it  was  antici¬ 
pated  that  at  altitudes  of  30  kilometers  and  above  the  insensitive  field 
meter  used  in  this  experiment  should  indicate  zero 

Data  from  the  firing  shown  in  Fig  31  indic.ate  that  the  engines  did 
indeed  charge  the  rocket  to  potentials  of  several  thousand  volts,  and,  as 
was  expected,  this  charge  leaked  away  within  a  few  seconds.  Thus,  shortly 
after  burnout ,  the  field  meter  indicated  essentially  zero  field  until  an 
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FIG.  31  MAGNITUDE  OF  ELECTROSTATIC  FIELD  vs.  ALTITUDE 


altitude  of  90  km  was  reached.  At  this  time  the  field  meter  unexpectedly 
began  to  indicate  a  non-zero  field.  The  indicated  field  intensity  gradu¬ 
ally  increased  until  at  100  km  it  reached  a  value  of  thousands  of  volts 
per  meter.  High  field  readings  of  gradually  varying  magnitude  persisted 
to  the  apex  of  the  trajectory  and  down  to  roughly  £5  km. 

When  the  data  were  first  inspected  it  was  felt  that  the  high  indicated 
field  at  90  km  and  beyond  must  be  the  result  of  a  malfunction  in  the  field 
meter.  It  was  difficult,  however,  to  conceive  of  a  malfunction  that  would 
cause  the  indicated  field  to  vary  gradually.  On  the  other  hand,  assuming 
that  the  instrumentation  did  not  malfunction,  it  was  difficult  to  conceive 
of  a  mechanism  whereby  sufficient  charge  could  be  maintained  on  the  rocket 
to  produce  the  measured  field  magnitudes  or  ion  currents.  One  possibility 
considered  thus  far  is  that  the  rocket  encountered  a  cloud  of  dust  near  the 
apex  of  its  trajectory,  and  t r iboc  lect r i c  charging  resulting  from  impacts 
with  dust  particles  was  responsible  for  the  high  charge  on  the  rocket. 

The  existence  of  a  dust  cloud  at  these  altitudes  was  demonstrated  by 
Soberman9  of  AFCRL  using  an  Aerobee-Hi  rocket  equipped  with  traps  to  ob¬ 
tain  dust  samples.  Unfortunately,  Soberman’s  experiment  did  not  measure 
the  charges  generated  by  the  particles  upon  impact  with  the  vehicle  so 
that  it  is  not  possible  to  obtain  quantitative  verification  of  the  indi¬ 
cated  field  magnitudes. 

D.  THIRD  FLIGHT— ROCKET  AA6.802 

Rocket  AA6.802  was  launched  from  Eglin  Gulf  Test  Range  on  24  March  1961. 
Radar  and  camera  records  show  that  the  rocket  performed  as  expected.  No 
data  were  obtained  due  to  a  failure  of  the  power  supply  during  the  first 
acceleration  shock  of  Nike  ignition.  No  telemetry  data  were  available  to 
enable  determination  of  the  location  of  the  failure.  '  Data  up  to  the  instant 
of  firing  indicate  that  all  systems  were  operating  normally  until  that  time. 
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IV  CONCLUSIONS  AND  RECOMMENDATIONS 


Although  three  payloads  were  launched  and  the  rockets  performed  as 
expected,  significant  results  were  obtained  only  from  the  14  March  mission. 
Failures  occurred  in  the  common  power  supplies  in  the  4  November  and 
24  March  payloads,  thereby  preventing  the  recording  of  useful  data. 

Data  from  the  14  March  mission  were  limited  because  of  a  failure  in 
the  A"-band  transmitter  shortly  after  launch  and  breakdown  in  the  VHF  system 
ahead  of  the  antenna.  Temperature  profiles  and  nosecone  pressure  were  ob¬ 
tained,  as  well  as  static  charge  and  VLF  field  strength  data. 

In  order  for  the  primary  objective,  as  set  forth  in  the  introduction, 
to  be  achieved,  additional  tests  would  be  required.  A  fundamental  dif¬ 
ference  exists  between  flight  and  wind  tunnel  conditions  which  would  make 
the  results  of  wind  tunnel  testing  of  questionable  value.  The  free-stream 
velocity  and  pressure  can  be  readily  simulated,  and  perhaps  even  the  den¬ 
sity,  but  the  free-stream  and  stagnation  temperatures  would  in  general  not 
be  the  same  in  the  wind  tunnel  as  they  are  in  flight,  resulting  in  a  dif¬ 
ferent  density  profile  across  the  boundary  layer.  Since  this  layer  is 
where  the  breakdown  occurs,  and  since  breakdown  is  a  function  of  density, 
different  results  would  be  obtained.  In  view  of  this,  it  is  recommended 
that  further  tests  should  be  flight  tests.  The  usefulness  of  such  tests 
would  be  increased  if  performed  at  speeds  above  Mach  6,  where  velocity  and 
ionization  effects  would  '  c  readily  apparent. 

Two  methods  of  increasing  the  reliability  of  such  tests  are  suggested. 
First,  because  of  the  equipment  failures  experienced  in  the  three  flights 
it  is  recommended  that  at  least  one  complete  equipment  package  be  available 
solely  for  environmental  testing  to  destruction.  The  shock  and  vibration 
testing  performed  in  this  program  was  limited  because  the  equipment  tested 
was  flight  equipment  and  could  not  be  tested  beyond  its  endurance. 

Second,  it  is  felt  that  the  use  of  separate  power  supplies  for  each 
experiment  and  for  the  telemetry  equipment  would  be  the  proper  approach 
for  flight  tests,  notwithstanding  the  fact  that  a  larger  vehicle  would  be 
required.  This  approach  was  not  used  in  the  program  described  here  because 
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of  severe  space  limitations  in  the  Nike-Cajun  instrumentation  package. 

An  alternative  would  be  to  use  the  same  vehicle  (Nike-Cajun)  with  only 
one  major  experiment  (i.e.  cw  or  pulse  breakdown)  per  flight.  In  this 
case,  a  minimum  of  two  flights  would  be  required.  Additional  reliability 
could  then  be  readily  achieved  by  decreasing  the.  density  of  all  critical 
equipment  and  utilizing  the  remaining  space  for  detectors  enlarged  by  the 
addition  of  integral  amplifiers  to  eliminate  low-level  signals,  which  are 
susceptible  to  stray  pickup.  The  elimination  of  inter- experiment  inter¬ 
ference  problems  and  a  reduction  in  ground  instrumentation  complexity 
would  also  result  from  this  approach.  Another  alternative  would  be  to 
utilize  extra  space  on  another  vehicle  on  a  non- interfering  basis. 
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APPENDIX 


PRESSURE  ON  SURFACE  OF  CONE  AS  A  FUNCTION 
OF  FRIT] -STREAM  PRESSURE  AND  MACH  NUMBER 
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APPENDIX 


PRESSURE  ON  SURFACE  OF  CONE  AS  A  FUNCTION 
OF  FREE- STREAM  PRESSURE  AND  MACH  NUMBER 


The  normalized  pressure  change  between  the  free  stream  and  the  surface 
of  a  cone  for  a  given  Mach  number  and  cone  semi-vertex  angle  has  been  de¬ 
termined  by  Taylor  and  Maccoll10  and  is  given  by 


(A-l) 


where  P2  =  cone  surface  pressure,  P j  =  free-stream  pressure,  and  q  is  a 
reference  pressure  given  by 


p ( aM ) 2 
2 


(A-2) 


p  =  density 
V  =  velocity  of  body 
a  =  local  speed  of  sound 
M  =  Mach  number. 

Put 


y  =  ratio  of  specific  heats  (1.4  for  air) 
P  =  pressure  of  gas 

so  that 

q  =  ——  PM7 

2 


( A-  3) 
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